Shorebirds provide excellent opportunities to study migration strategies. They occur in open landscapes and often rely on relatively few wetlands (Piersma 2007) where they can be captured, marked and resighted with relative ease (Piersma & Spaans 2004 , Spaans et al. 2011 . Not surprisingly then, shorebirds have their 'connectivity' well resolved (van de Kam et al. 2004 , Delany et al. 2009 ).
In many migrating birds, populations breeding in northerly areas migrate to wintering areas south of populations from more southerly breeding ranges (Newton 2008) . This so-called leap-frog migration occurs in several species of shorebirds (Salomonson 1955 , Alerstam & Högstedt 1980 , Alerstam 1990 and is thought to occur in Bar-tailed Godwits Limosa lapponica wintering in Europe and West-Africa (Drent & Piersma 1990 , Scheiffarth 2001 . The European population breeds and winters in Europe (breeding from Scandinavia to the Kanin peninsula and resides around the North Sea and Irish Sea in winter), and the AfroSiberian population breeds in north-central Siberia (from Yamal peninsula in the west to the delta of Anabar river in the east) and winters along the west coast of Africa, with large concentrations on the Banc d'Arguin, Mauritania, and in Guinea-Bissau (Scott & Scheiffarth 2009 ).
The characterization of the leap-frog migration pattern (Drent & Piersma 1990 ) was based on Prokosch (1988) , who found morphological differences in time and space suggestive of subspecific differentiation. Engelmoer & Roselaar (1998) proposed that the two Bar-tailed Godwit populations should be recognized as distinct subspecies. They named the birds with smaller body dimensions breeding in north-central Siberia taymyrensis and proposed to retain the larger-bodied European population as the nominate subspecies lapponica. When reviewing Engelmoer & Roselaar (1998) , Tomkovich & Serra (1999) argued about some of their subspecies assignments, but not about the distinction between lapponica and taymyrensis. In later studies the two populations appeared to be not only morphologically, but also ecologically distinct (Scheiffarth et al. 2002 , Duijns et al. 2009 ).
Based on morphological measurements of birds captured in the Wadden Sea, and discrimination functions based on museum specimens from the breeding grounds, Engelmoer (2008) estimated that about 20% of the Bar-tailed Godwits wintering in the Wadden Sea belong to the Afro-Siberian population. This implies that of the 120,000 birds wintering in the Wadden Sea (the European population; Scott & Scheiffarth 2009) , no fewer than 24,000 individuals represent AfroSiberian birds that were supposed to all winter in WestAfrica. If so, this would mean that the leap-frog migration pattern is partial at best.
In this paper we aim to reconsider all available evidence using historical ringing, recovery and colourring resighting information of Bar-tailed Godwits along the East-Atlantic Flyway. Based on seasonal itineraries (Figure 1 ), we derived three criteria to assign individuals to either population at capture and ringing: (1) individuals (re)captured and/or resighted between November and March in Europe belong to the European breeding population, (2) individuals captured and/or resighted in West-Africa belong to the Siberian breeding population, and (3) individuals captured in the Wadden Sea during autumn in active primary moult are also expected to belong to the European population, as wing-moulting individuals tend to winter in Europe (Atkinson 1996) . We use then the recoveries and resighting data to establish whether the suggested leap-frog migration pattern of the two subspecies holds up.
METHODS
Bar-tailed Godwits were captured at various sites in the Dutch and German Wadden Sea and on the Banc d'Arguin, Mauritania, West-Africa. Birds were processed immediately after capture, length of bill (exposed culmen, from tip of bill to base of feathers), wing (flattened and straightened; Prater et al. 1977) and tarsus being measured on most individuals using standard methods. The primary moult score was given according to Newton (1966) ; old: 0; growing: 1-4; new: 5. A bird that had completed moult of all 10 primaries had a primary moult score (PMS) of 50.
Each Bar-tailed Godwit was marked individually with four colour-rings (blue, red, white and yellow), combined with one yellow or red flag, and a metal ring. There were two colour-rings on the left and two on the right tarsus, and the metal ring was placed on one of the tibiae, but was not part of the code. The flag was the marker of the scheme and was placed on the tarsus or on one of eight different positions. In this way 2048 combinations were possible per flag colour. The colour- ring combination could easily be observed in the field by telescope. Unfortunately, mistakes were sometimes made as ring colours deteriorated through time (Burton 2000 , Ward 2000 . One should keep this in mind in the case of exceptional life-histories based on single ringreading occasions. From spring 2001 to the end of 2010 a total of 3996 individuals were colour-ringed and 13,326 individual resightings from 2373 individual birds (59% of birds marked) were received from 311 different locations. The majority of the colour-ringed birds were caught in the Wadden Sea (91%), followed by Mauritania (7%). The colour-ring resightings show the same geographic bias, as most of the birds were resighted in the Wadden Sea (87%) followed by WestAfrica (11%). A similar pattern is observed for the metal rings. Most birds were captured in Western Europe (85%; i.e. United Kingdom, The Netherlands, and Germany), and recovered in Western Europe (85%; Appendix 1). From the EURING database 946 recoveries of metal rings were obtained, with the earliest recovery dating from 1935 and the latest from 2010. A preliminary analysis showed no spatial or temporal difference between earlier (<1980) and later records, so all recoveries were used. In total 790 catching or recovery locations were identified. From only 35% of the individuals, relevant biometric (age and sex) information was available. To avoid reducing the sample size, all individuals were therefore included in the analysis.
Capture and resighting data were used to create a map with a resolution of 0.25 degrees (Figure 2 ). Resighting colour-ringed individuals is highly dependent on volunteers, and therefore the data were skewed towards locations where volunteers were active. To (Prokosch 1988) . This age-differential migration is not uncommon in migrating birds (e.g. Cristol et al. 1999 , Lok et al. 2011 .
To test for differences in morphological variables between the two populations, we performed an ANOVA with population and sex as fixed factors and date of catch as a covariate. Basic assumptions of parametric tests were examined by testing for normality with a Kolmogorov-Smirnov test, and the application of the Levene's test for equality of variances.
RESULTS
Despite a large overlap in morphological variables (Figure 3 ), bill and wing length (but not tarsus) confirmed that birds of the European population are larger-bodied than birds assigned to the Afro-Siberian population (ANOVA, F 1,381 = 39.21, P < 0.001, F 1,278 = 15.8, P < 0.001 and F 1,372 = 0.5, P = 0.481, respectively).
Of the assigned individuals, 224 (16%) colourringed birds wintered in Western Europe, or were in active primary moult in autumn; 385 (28%) wintered in West-Africa. Of the 946 metal ring recoveries, 291 (31%) individuals wintered in Europe and 68 (7%) individuals wintered in West-Africa. Most of the marked individuals that were recovered or resighted behaved as predicted on the basis of the previously inferred leap-frog migration pattern (Table 1) . As predicted, the two colour-ringed individuals that were observed in the breeding range in Northern Scandinavia were resighted in Europe in winter, and the 27 metal-ringed individuals assigned to the European population were recovered in Northern Scandinavia ( Figure 4A ). Of the metal-ringed birds, 23 Africanwinterers were recovered in the Northern Siberian breeding range ( Figure 4B ), thus confirming the links between wintering areas and breeding grounds. Of the 992 assigned birds (i.e. European or Afro-Siberian), only eight (0.8%) individuals did not follow the predictions. This included four colour-ringed birds and four metal-ringed birds (Appendix 2).
DISCUSSION
Due to the low density of breeding birds and the very low ring-reading efforts on the breeding grounds, we received only two resightings in the breeding areas. Yet, the recoveries from the Scandinavian and north-central Siberian areas support a leap-frog migration system, with little evidence for overlap of the breeding populations in winter. The leap-frog migration hypothesis is further supported by the observation that of 1009 birds caught in May and resighted more than once, only 3.8% were resighted in Europe during winter (Spaans et al., unpubl. data) . Similarly, Wilson et al. (2007) found "low levels" of exchange for two other populations of Bar-tailed Godwit (menzbieri and baueri) with a comparable migration system. The eight exceptions (Appendix 2) were in fact all quite peculiar in terms of age (at the time of capture less than 2 years old), recovery dates (i.e. mid-April and mid-May when such individuals should still be in Europe), or ring colour (white and yellow may have been confused). Even if correct, these individuals switching wintering areas represent a small proportion of the population, and this suggests that the estimate by Engelmoer (2008) of 20% of the wintering population in the Wadden Sea as northcentral Siberian-breeding (Afro-Siberian), is an overestimate. Our results thus suggest almost complete separation of the wintering and breeding grounds of the two populations of Bar-tailed Godwits along the EastAtlantic Flyway, and confirm that the two populations represent a clear example of a leap-frog migration system as Drent & Piersma (1990) suggested it to be.
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